Chlorination has been the major strategy for disinfection of drinking water in the United States. Concern about the potential health effects of the reaction by-products of chlorine has prompted use of alternative strategies. One such method is chloramination, a treatment process that does not appear to have carcinogenic by-products, but may have less potent biocidal activity than chlorination.
Introduction
Chlorination has been the major strategy for disinfection of drinking water in the United States. Studies have demonstrated that organic material can react with chlorine to produce chloroform and trihalomethanes (1, 2) . Chloroform has been identified as a carcinogen in laboratory animals (3) , and several epidemiologic studies have suggested that this by-product may be a human carcinogen (4) (5) (6) .
The addition of ammonia to chlorine to form chloramine is an alternative source of disinfectant that is less likely to produce carcinogens in drinking water. Chloramines, however, may not be as effective as chlorine in eliminating waterborne pathogens. Epidemiologic data that can clarify the potential health risks of chloramination are not available. The purpose of this study is to describe the patterns of cause of death among residents in communities using drinking water treated with two distinct types of disinfectant: chlorine and chloramine. 
Methods
Cancer Mortality Study Study Population. Any residents of Massachusetts who were at least 45 years old at death and died during the years 1969-1983 were eligible for this study. Selected from this group were those whose last residence before death was in a community that provided drinking water treated with chloramine or chlorine.
Outcome. The outcome of interest was the incidence of primary cancer in organ sites judged to be potential targets for carcinogens in drinking water: bladder, colon, kidney, pancreas, rectum, and stomach. Lung and female breast cancer cases were also of interest because these sites have been reported to be associated with chlorinated drinking water in previous studies (7) (8) (9) (10) . Operationally, the outcome of interest was the presence of any of the ICDA codes listed in Table 1 on the death certificate as the primary cause of death. All cases were identified from computerized death tapes maintained since 1969 by the Massachusetts Department of Public Health, Division of Health Statistics. A total of 51,645 deaths attributed to these cancers were identified from records limited to residents of the communities of interest. Selection of controls was governed by two principles: (1) the primary cause of death was not known to be associated with type of disinfectant in drinking water; (2) the primary cause of death was known to be associated with smoking in the event that the case group comprised cancers associated with smoking.
Operationally, the ICDA codes listed in Table 2 , recorded on the death certificates as primary cause of death, were selected. A total of 214,988 controls were identified. The frequency of deaths, according to cause, is presented in Table 3 .
Exposure Classification. The determinant under investigation was exposure to carcinogenic by-products of chlorine in drinking water. Operationally, a subject was considered to be exposed if residence at the time of death was in a community that treated its drinking water with chlorine. Nonexposure was defined as residence at the time of death in a community that treated its drinking water with chlorine and ammonia (chloramine). All Massachusetts communities using chloramine were selected. A subset of communities using chlorine (12) . The characteristics of communities representing disinfectant exposure categories and associated characteristics are listed in Table 4 . The distributions of density and the proportion of the population below poverty level were not comparable across categories of disinfectant. The chloraminated communities tended to have more people per square mile and fewer people below the poverty level than the chlorinated communities. The potential bias introduced by the imbalance of density and poverty between the two types of community was controlled by logistic regression analysis. For this analysis, the outcome of interest was bladder cancer mortality. A random sample of 1000 bladder cancer cases and 5000 controls comprising deaths due to heart and pulmonary disease, cerebrovascular disease, lymphoma, and lung cancer was selected from the original study population. aDeaths due to heart, pulmonary, cerebrovascular disease, and lymphatic cancers.
Massachusetts Mortality Study
An alternative approach to data analysis was to estimate standardized mortality ratios, according to disinfectant type. The expected number of deaths was derived from age-and cause-specific deaths for all residents of Massachusetts who died during the study period (1969) (1970) (1971) (1972) (1973) (1974) (1975) (1976) (1977) (1978) (1979) (1980) (1981) (1982) (1983) and who were at least 45 years old at the time of death. U.S. Census data on the number of Massachusetts residents in 1970 and 1980 supplied the estimate of the population at risk during [1969] [1970] [1971] [1972] [1973] [1974] [1975] [1976] [1977] [1978] (for ICDA-8) and 1979-1983 (for ICDA-9), respectively. Expected rates were estimated separately for the chlorine and chloramine communities. Because these two age distributions were comparable, the Standardized Mortality Ratios (SMRs) across categories of disinfectant can be compared without the effect of confounding by age.
Results

Case-Control Study
The age-adjusted associations for chlorinated relative to chloraminated drinking water are shown in Table 5 . In general, type of disinfectant was not associated with cancer mortality, with the exception of bladder cancer, which showed a small excess occurrence among residents of communities using chlorine as a disinfectant. Smoking is a known risk factor for bladder cancer. To evaluate if the chlorine association reflected more smokers among the bladder cancer cases than the control subjects, a special control group was enrolled. This control group consisted of lung cancer cases, because lung cancer is strongly associated with smoking. A similar association for bladder cancer and chlorinated drinking water was observed when using lung cancer controls, with a slightly higher excess of bladder cancer deaths among females relative to males.
For bladder cancer only, logistic regression analyses were performed to control for the potential effects of differences in levels of density and poverty, as well as age at death and year of death, between communities treated with different types of disinfectant. The antilog of the coefficient for the indicator for type of disinfectant was slightly higher than the simple, age-adjusted odds ratio when the comparison group consisted of lymphatic cancers (logistic odds ratio = 1.7, 95% confidence interval = 1.3-2.2 vs. age-adjusted odds ratio = 1.2, 95% confidence interval = 1.1-1.3). When lung cancer controls were used to assess the association of bladder cancer and chlorination in a logistic analysis, an indirect method for control of confounding by smoking, the logistic odds ratio estimate was 1.3 (95% confidence interval = 1.0-1.7), suggesting that smoking does not explain all the excess mortality from bladder cancer.
Standardized Mortality Study
The results of the standardized mortality ratio analysis (the ratio of observed to expected deaths) were similar to the results from the previous analyses. Little difference was apparent between the patterns of cause of death in the Commonwealth of Massachusetts and those patterns among residents of communities, re- aSee footnote in Table 4 .
gardless of the type of disinfectant (Tables 6 and 7 data also showed a small increase in deaths from pneumonia and influenza among residents of communities using chloramine in their drinking water. The excess deaths associated with different disinfectant methods may have been caused by unidentified or uncontrolled confounding factors, such as smoking and occupational exposures. It would be of interest to clarify the reasons for the patterns of mortality observed in this study.
